Effect of saccades in tongue electrotactile stimulation for vision substitution applications. by Chekhchoukh, Abdessalem et al.
Effect of saccades in tongue electrotactile stimulation for
vision substitution applications.
Abdessalem Chekhchoukh, Nicolas Vuillerme, Yohan Payan, Nicolas Glade
To cite this version:
Abdessalem Chekhchoukh, Nicolas Vuillerme, Yohan Payan, Nicolas Glade. Effect of saccades
in tongue electrotactile stimulation for vision substitution applications.. Conf Proc IEEE Eng
Med Biol Soc, 2013, 2013, pp.3543-3546. <10.1109/EMBC.2013.6610307>. <hal-00873912>
HAL Id: hal-00873912
https://hal.archives-ouvertes.fr/hal-00873912
Submitted on 16 Oct 2013
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
  	A BCCCDE F		 	 CD
	AC	C C A D BAE FDFA E	AA DE  ACD
CA	CE  ACD 	 		E ECD 		
CD CA	C C E D C CDED	 CD E E	A D
	A CF CD CBCE	EACDCA	CDEE	A
 	FFA DECEDA 	ABA E C	C 	A E 	
FA	 D 	 ADE FD D C  C FCD D C
	CDE	EC	C	C	ECF	CEC	 AD C
FA	ED	CDEFDFDD	EC	C
	AD	C C !	AC D FFCDE D C ACDCA	CDE
ED	CDE  AC	A E	A  ED 	 "# E
FDC DECD C CDE 	 	 DE #FA	 $EC  CA	A 	E
ACDC	CA CA	CD D B 	 %"&%" 	C&  D
ACD  FDFD  CD 	FFA CD	C 		 DE C
E	A ' 	FCDE  C	C C EF 	E
DA  	  C  	A  BCCCDE  D  EC  B
FDE  C  FFCDE  B	  D  C  CDE  D  C
C	CA  FCD  	C	CDE  EAE D 		 	
	A	CB	D&FEC(AC	A	BEC
DE C FCE D FFCDE  CD 		  D
AF CD FEC C 	C	CDE D FCD DE C CDE 
D E	E C !	AC D DE B C 	 D C
ACDCA	CDE )C 	AAD E E	EEC 	C CD
CE	A FDC    D C 	
FEDEDE
 	A
BC D EF D E D  D D C DD
C CFC!DCD!D"D#B$%$DDCCDD
BCDC D&DCDFDD!CD'()DBCCD
B D CFCC D B D  D BC D & D CD
C! D ! D *C+ D  D F D , D  D CD
&CD D  D& DBC D C!D!D
*C+DD D&DF$CDDCC$CDD
 D &&CC D  D & D BC D !, DBC D EF D ED
DCCDFCDDBDCC!D*D-DC,D
D DCB D DCC DCC!D* DEC D CE,D
B.D D D !+D BD CD &D D CD
CCFCDDDFDD D BCD CCD !C+D BCCD
BFCD CCD FD D &D FD D D
CC$D D BCD CD !D BCD !D &D D
CD CD &D CCCD BC D&D CD FD
D !CD */00,DD CCD !D "D #B$!$
1 DABC.BB.BD  DBDBCD	F D2CC$1C+ D34D5678D129D
:! DA0;	<3;4"=4;	9"3+ D 3! D & D9CC D & D2CC+D
5>?77 D : D BC+ D 3C DC D @ D A55*7,6?BB5?(85 D 4$@ DC$
CBC.BB.BC&
DD/CCD  DB D BC D	F D2CC$1C+ D34D5678D129D
:! DA0;	<3;4"=4;	9"3+ D 3! D & D9CC D & D2CC+D
5>?77D:DBC+D3CDDD	FCCDCD3CD4$@D$
FCCCC
% D "! D  D B D 	<3$2CC(;A0;9A$912 D	988-8+D
2CC+D3$5>76(+D3CD4$@D!B!C&
DD2CDDBDBCD	FD2CC$1C+D34D5678D129D:$
!DA0;	<3;4"=4;	9"3+D3!D&D9CCD&D2CC+D5>?77D:D
BCDD4$@DCCC
D!DBCDCD&D(EB7FDDDCD&DDF$CD
 D*-7D D-7,DCDDBCDBCDD BCDCD&DBCD
GCD D D FCD CD BD CD BCD CCD BCD
CCCDCDCCDDCDCDDBCDCC$CD D
CD BCD C!DD GCD D BCD CD CCD
'()DBCD BD CD D CD &D BCDD CFCD D
&DCD&DBDDCDC DDBBDD
BCD CD B!D #B$!$D D CCD CFCCD BCD
CD !D 	D *	,D '-)D BD CFCD CCCD D
$FFCD D BCD C&CD ACD FCD D
CHCD !D D (-D  D (-D DBD DB D D &D CCCD BD
CD BCD D D &D BCD CD %C+D CD
BCD .D BFC D&CD BD CD D CCD BD BCD
CD!DCC$+DDBFCDFCDBDBCD	D
D CCD CD FD .D .C+D BCD CD D
GCD CCDBCD C&&CFCCD &D CCCD C$
CD &CC.D !CD &BCD BD CCD CCD
D FD CFCD D CD C D '-5+ D-6)D
CDFD *DDCC,D C!D D D
CDCDDBCDCCDCDBCCDBCD	D
DCDCCDC&D.CDDCDDDC&D
DCCD'(?)DDCDDFCCCDD
CC D C D'8+D B)D 	D BCD 	+D GCD .D
D CCD CD D D C CCD &D
BCCDBCDGCD&DDCDD&D&DDCCD
CDBDCDBCDFCCD&DBCDCDBD'5)
"CD BD BFC DD BCCD &D BCD C!CD !D
CD CCCD D C$CCD D CCCD
*19, DCD CCD D CC&D &D BCD FD
CD CD BCD CC DCCD D &D BCD
FD !D D BCD CD CD D  DCD
0CFCDDCCDCFCCDD6D D6DCD&D
BD *BBCC,D D CD BCCD '(($(6)D BD
CB!D B DCCDCDCD D BCD D !C+D
BDBBCD CD *>D D>,+D CD D BCD1D DBCD
CD !D 0CD 0BD A!D 3BCC+D BCD
DGCDDCDDDCCDCD
D &D CD CD CCD D D CD D
=CD9D!D'(E)
D BCD CD +D GCD &&CD &D GD
FCCD D D BCD D &D CCD &CD
BDCD&DD*CCDDD,D
CC!D D D CCD D D F+D CBD
.CD$C+D&DD.CDBCDDBD
FD .D C!D =D C!CD FCD CC!D D
C&CBD BCD B$CCD D CFCD BCD D
CDBDCDD&DC&&CD'-7)D9$CDD
CD&DBCDDDCBD&DBDDCDBC!D
CCDCD*,DDDBCDFD!DC&CBDBCD
CD D &D B$CC+ D*,D D BCD D BCD
CCD&D DD&&CCC+DD*,D DCBCD
CCDB!C$!D'(-+D(5)DBCDCDCBD&D
1D DDABC.BB.BD D+DD/CC+D%D"!+DD2C
*CD		ECDEACDC	CACA	CDEDDE
BCCCDE	FFA	CDE
CCDD  D!DDCFCDDCD
BCDC D1&CD D BD D &D CC$D D
D &C+D BCD CD CCD D CD C+D
BBD D CD BCD FID CCFCD !D D
C!D C&!D D JCD BC DCC$CD
DBCDH!D&DBCDCCDDBCC&CD
! D CC& D & DD C&CBD BCD &D BCD CC$
CD D	&C!+D BDCBD BD BD
CCD CCD CCD D &&C!D CD !D BCD
!D.DDFDDBCDCC!D&D
BCDCCCDBDCCDC CFC!DCD!DKJC.DCD
D '>)D 9!D &D CCD CD D BCD D
&CD CD D BCDD CCCD D CD CD &D
BCDCD	DCDDBCDC D&DBCDF+D
FD CD &D BBCCD CCD CD D D
FCD !D D CCD !D 0CCD CD D '(>)D
CC!+D BCD BCBD &D CCD C!D CCFCD !D
BCD CD CC DD CD !D 9BCD CD D '(8)D @D
BCCD BD C&CD D D D &D BCD CCFCD
CCD D BCD CD BCD CD &D LD
 MDDCDD.CDCD&DBCDCCD
D D BCD CD CD D BCD CD '5+6)D D D
CFD !+D CD BCD BD C!CD BCCD CBD
.CD CD D .CD !D &CCD BCD H!D &D
CCD &D BCD CD &D CD D CD D
D BCD .D &D BCD CCCD CD
D D BD D &!D CCD BCD
GCIDCF!DDBCDCD&DBCDD'6)D
BCDD&DBCDCDCCBDDDFCCDBCDC&&CD
&D BCD CD CBD *BCCD &D C!CD $
C,D D BCD H!D &D BCD CCD *D BCC&CD
!D D D BCCD CD !D
D CCD ,D CC+D CD D .CD D
C CD BCD CFD !D '6) DD CD
CD BD D CD CCD &D C CCD BCD !D &D
GCD D CCFCD D CCD D BCD CD &D &&CCD
D D 0CCD &D !BD C CCD
CCD CCD D !D D CFCD BCD BCBD &D D
C!D BBD D BCCD !D DNCD B.D
BD BD !D D FD D !D CC$D
D BCD CD D FCD CD CD D CBCD
D BBD BCD CD BD CD D D
CD BCD CD &D CD D .CD D BCD
DCDDBCDBCD
 D9141:DOD94=0D@
 	AB
 D C&! D  D  D C CC+ D C D BFCD
CFCCDDDCCDC CCD&DBD
C CC D & D  D CC D  D CC D BCD
HC;CD!CDD&D&DDCDDDCD
&DDDC@D
*,D D 	D CD &D (-D  D (-D CCCD  D
*57 57,+D BCD CCCD BFD D (8D D CCD
DCDCD!D-56DDCCDDCCDBCDCC$
CD D CCD CD CD D BCD D D &D BCD
CD'&CD()D1DCD&D(DD(7D/DDFCD!D
CBD CCC+D D D D D D CD D CD D
&CDD&DCCD'5+D6)
*,D1DBDCDNAD'&D()DDCDDCD
BCDCDDBCD&D&DDCDDDCD
BCDDCD&DC
3CD(D D	EC	F	FCF	F		C	@FFCDEFA	AEA
DDADAA	DAFAC 	A!"D#AEAEAA
DA$A	EAE$AEAADADAEF	%
& "	 DEAEAB
D CFD !+D BCD GCD CCD CD D GD BCD
D DC&CD CBD CD D BCDCCD !D
DFCCD DDCD'6)DBDD DD
CFCDDCCDDCDCD&DDBCDGCD&DBD
!
" '	B
BCDDDBDDD&DDCDCD
!CD D BCD CC$D  D *&-,D BD
FD CCD D CD D BCD	D D D -+D 8D D (7D
CD1DCCDD!CDBCDBCDD&DDD
D1&CD BDDCD&D BCD D CDCDD
BCDGCD D.CDDDD BCDBD CD BCD CD
BDBCDCCFCDDCDDBCD	D BCD GCID
CCDDFCDDBCDCD&DBCDCDDDBCDC
3CD-D CCFF	F	FF	F	@FA"DA	EA
	DEAEAADEACA(A#A)AEA*ADE#ADEADAA
$DA	EAAACA +,A-A$ADA$ADEAAFA
 	AA	EAA.ADFAADEFA	A	DE
 ' +AB
0CFCDBCB!D!DCDGCD*CD-($55D!CD,D
F!DCDDBDC CCDBC!DCCDFCDD
BCD C CCCD C+D D CD BCD CD CD
+ ,
+ ,
D&DBCD&DCDBC!DCCDD&CDD
BCDC CCDD
/ /E	ADAB
1DD+D DCDCDCD!CDBDBCDCD
C!D D C D DBCD CD CCCD BD C DD
& CDDE7PDD!CD&DCDCC$CDD
CCDFCD @D*(, DBD CD *D CC,D D*-,D
B D C D *BC D  C D B D C D BC D CC D FCD
!D&DBC D DDD DCBB+D
BCD D &CHC!D& D C D  D & C D  D78 D '6),+D
CB D & D BC D CD !CD D BCC DD
D D D @D Q-D C D DQ8 DC+D
DDCDDLBMDCDCDD
*R(7DC,+D DQ(7DC+DCD DLMD
CD C DD :CD D CCD
CCD D CCD BCD D BCCD &D BCD
CDCDCCD
1&CD CD+D CD &D BCD D CD CD !D
DDCCDDD!CDBCDBCDBCCDDCD
D CCD BCD CCD CD BCD GCI D.D D BCD D
DBCDCCFCDCDDBCDBDCDDC!DD
CD 3DCBD+DBCD CC DD &CD D BCD
C D CCC D BC DC CCD D BCD CCD C+D BCD
CCD CD D BCD !CD &D D *BD DBD
C,
BCD D CD CD CD CCCD 7PD D
5B7PDNCD JCD BCD D CD CD CCCD
E7PD D $E7PD BD CCCD BCD CD CD BCD
D CFD *0,D &D CD CCD CD !D
D BCD JCD D CD D BCD
CCD CD NCD CD FD D  DCD BCD
D&D CD DCFDCCDD BCD
CCCD&D CDDD BCDD&DD D
+DCD!JCD&DBCCDDBCDC&&CD&D
BCCDD&DDBCDCD*CDCCCFCDBD
C,DNCDCDD9DCDDCDBCDCD&DBCD
CD0D
3D CBD &D *D &D +D CCCD &D
C,+D (7D FCD CCD CC+D &D D D &D B7D
CCCD &D CBD GCD !D CD D CD
CD!DDCD&DCDD D!DCCDCD&D
D BCD GC+D CD D (-7DCCCD D D !D
GCD 1 D  D + D BD !D D BCC&C DCD D >67D
CCCDC&CDD?DGC
 40	:0
3CD 5D BD BCD CD FD D &D BCD 0D
+D CD D BCD &D &&CCD C CCD
D *BD D D D &D CD CCCD
+DBDDBDC,
CD D CFCD !D BCD CCD &D D
CFD &D D D CD BD !D
C+D D BCD FCD C&&CD &D CD D BCD
CC
D
3CD5D DCCCFFB	FF	ECC@A'DA	DEA
0*ADE%A$DA%AEA$AA&%A1DEFA	DEA*A
DE%A$DA"%AEA$A%A
BCD CCCD D CD 0D CD D CD D C!D
BD D &D5@D DFCD D-BPDBCDCDCDCCD
D&DDDDD*(7DC,+DDDCHD
D 5?PD BCD CD CD CD &D BCD CD D &D
D1DCD!BCDFCD&DBCDCDDFCDD
CD(D
1#:4DD  !!DF"#"F$#%&"@A'23242"3CA5671/'A''8"2C/AC8AC9/A
"85:2'83A84A31/A'C3:A/72C283'A!/:/A483/A23AC9/A5:/'/3"/A84A
'""/'A3AC2/A'C21C283A84A*A'/"83'
-CA	CDECDE 	E
.ED		 ED
/D F	A
*R(7+DD,D.D*R(7+D%C, $78( 7B(
*Q(7+D%CD,D.D*R(7+D%C, $->6 7776B
*R(7+D,D.D*Q(7+D, (7B 7-E
*Q(7+D,D.D*Q(7+D%C, $56E 7777-6
NBCD D CD 0D D BCD CD D D
BCDBD(7DCD*-DD8DC,DDDCDCD
CDBD BCDCDD*R(7DC,D *351,DD
CD CD CD *35#,+D D & D BC DD
CFCD*"S778,+D BB DBCD D .D B!D
CCD
D BCD CD D *(7D CD &D DBD
CD *35, DCD D BD D BD
CD *35A,,+D D & DCD D CFCD
*CDC,D*"R7777(,D0DCDCDCFCDD
BCDCCD&DC+DBCDDBD*351,DD
D *35A, DCD CCCD D 1D CCD
C&CD D CD (+D BCD $FCD CD D BCD D
CCCDC CCDBD*3D5,DDBDCD&D
D D *351, DD FC!D &D *5R7777(,D
BD CD &D BCD FCD C&&CD &D BCD CCCD &D
CDDBCDCCD&DCCDD&DDCD
CCCDD
+ ,
0 #
/ 0A	00
BCDCCD!DFCCDBCDC&&CD&DCDD
BCDFCCD&DBCDCCD&DCDDCC$
D &D BCD CD BCD D D &D CD
CCC DD  D ! DD BCD
CDCDDBCDCDCCDH!D
C!DCCCDNCDCDBD&CD(7DCD&D
+D BCD CD CD CCD CD CD D
GCDBFCD&&CDDCCCDBCDCD&DBCD
CDCD:DCDDBFCDCDBDDCD
GC D  D CFC D BC D C D C D & D & D  D D
C&DDCD&DDF$CDCCD'(7)DCD
C D  D BCCD CCD &D C CCD &D BD BCD
CD CD D C&CBD BCD CCD D BD D
!DBCDGCDCCDD&DBCDCCD#!D!D
CDDBCD+DBCDCDCCDCDDBCD
CD D CD CD BCD D *BCD CD ,D DFD
DDFCCD
CDDC CDCFCBCCDBDCDDCCCDBCD
CD &D BCD D *BCD D D D D D D
FCCD D D CBD  CD CD BCD C,D D
B DCHC!D&&C DBCDH!D&DCCDBD D
CBD BCD C DB! DCD 0D CD D BCD BCD
!D CD D D &D BD D BCD
C&&CD &D CD CD BCFCD FC!D &D BCD
BCDD&DDDDDBCDBCDCCD&D
BCD CD CD C!D CD CD NCD B. D BD
C!C$CDCBD DD D &CCD BD BD
CDCDDCCDBCDFDDD
3!+ D  D C DBD !D CD CD D D
BCD CCD D CCD .CD BCD FD
BCCD BCD CCD &D BCD CDBD D CD CD
CCD CCD D D D 0CD BD
BCC&CD BFCD D C&&CD D BCD FD D BBD C!CD
FCCD CD D CD CD CD CD CD !D D
CD CD C!D BCD CD FD D  D &D
CCCD D BD C +D D C CCD D
CDBDD=CD9D!DDCDCDDCD
BDCCDDBCDFD
/ 4344A40
[1] " D#B$!$+D AA DA+D 31 D0C+D # DNBC+D : D0C+D
L/D D !D CD CD GCMD CD *(EBE,D
--(@EB5$EB6
[2] " D#B$!$+D K1 DKJC.+D !CD 94+D 2$:D <D D L3D
CCDBDD6E$DCCCDD!DDBCDC@D
DCBDCMD<DCBDCDCFD*(EE>,D58@6-?$657
[3] 1DABC.BB.B+D  D/CC+D  D2C+D L/D D D
FDGCD .D D-DD5DCDFDFCD CC$
D&DBCDCMD"CCD&DBCD1000=F((+D*-7((,
[4] 1DABC.BB.B+D  D2C+D L&CCD &D .CD D CD D
CD CC$$CD FD D &D -D FCM+D
1D#BCCDB7+D(D*-7(-,
[5] DABC+D%D"!+ D"D=FT.FU+ D< DCC+ D3 DA+D#D
+ D O D  D /CC+ D L"CC D C D CFC D & D CD
CC@ D C&&C D & D F+ D FC D  D C D CC D D
FCCC D  D  D CC D CM D1C D# D D
#CB+DED*-7(-,DB($B?
[6] DABC+DD/CC+D<DCC+D%D"!+DL1DCCDD
&CC.D CFCD D CCD FCCCD D CCD C@D 1D
&C!D!MD"DCD*-77E,D6@(7@C?887
[7] %DF+D9D!C+DL#@D1DCFCDDDBCDMD D<D
CDCD*-778,D6@85?$887
[8] KD1DKJC.+DOD9D4D!C+D L4&&CD&DCCCDCC!DD
C!D D CBD D &D &D CCCD D D
BCDCMD"CCD&DBCD1094D!D0!CDDAD
F+D+D3+D8$(7DFCCD-777+D(-5E$(-65
[9]  D KC+D 9 D"+ D LFCCFD BBD BCD C@D $D
!D D BCD C!D MD CD ACD 0CCD
*-776,D(-?7@?E$>6
[10] <D9D:+DOD0D<D:CC+DLDCCMDDKD#&&+D:D
K&+DOD<DB+D*4,DL=.D&D"CCDD=D
"C&CM+D/CDD*(E>B,D
[11] 9.D 0D =!+D <CD D NC+D 2D %D 3G+D CD
2CCC+D BD N+D <D :C+D #D 9CB+D /CCD
A+D2CBCD/D#CC+D2DCC+D4CCDCD<D
<D/DCCDDDDGCDBDDBDCCD
CDBCD/DCCBD65D*-775,D-8?5V-8>(
[12] 0D9CJ$AC+D0D9..+DD=C+DLBCDCD&DD& DC!CD
FCCDDFDCCM+DCDCFCD/CD8+D-776
[13] 0D9CJ$AC+D0D9..+DD=C+DL9CDCD
FD&DD& M+DCD6E+D-E?$578+D-77B
[14] 9D <FBC+D FD 0D =B+D BD D :.B+D <CD DNC+D
9.D 0D=!+DCD "BCCD &D BCD#+D1D1D9CD
0CD*D-77B,D58@(5?$66
[15] 4 D9BCD !C+D 2 D<HCD #+D D %D "D F+D *-77E,D
L0D9D&D4CCD0CDBCBDDC!D
CDD BCD=DC@D DCM+DA&D"D 444D4D
9CD#D0D-77ED88E$B-
[16] 9 D "+D 09 D9C+D 1 D2GCC+D  DKCD A$D
!D CFCCD !D CCCD D &D BCD CD D BCD
CDD#D*-778,D(->@B7B$B(6D
[17] 3DC+D3D#!+D<"DC+D<DCC+D%D"!+DL2D
BCD D CCD D D CC$CD D !D D BCD
C@D 1D &C!D !MD 444D D D #CD
4CC+D*-77?,+DFD86+DD?(($?(?
[18] 0CCDADABC+D2CD<D0+D<BDND9C!+DCD=D:FC+D
-77E+D 0D BCD F@D D/DCD &D BBCC+D
/DCCBD6ED*-77E,D(6E5V(87B
[19] 2D+DD9+DD:&+D2DC!+D3D#+D9D+DE	CD
BCD&CCDCDFDBCHCD@D4CDCCDD
CDC CDCDDCD@D"CCD&DBCD1000=F((D*-7((,D
[20]  CD"/DWCDDFCBCDCCCCDCCXCDCBD
CCDCB.CCDBBBCD#BC.DDD*(>76,D-@($85
[21]  D/CC+ D 9 D #C+ DL4&&CFCC D & D  D C$CD
CCC D &CC. D  D FC D .C D &C D CC D &D
$&C DCD&CED2D"CD-77ED57*6,@88B$E
[22] D/CC+D9D#C+D DABC+D<DCC+D%D"!+DLD
C$CDC D&CC.DCCDBCDCCCDC&&CD
&DCD&CDDGDDCCDDBCD.CMD4 D#DCD
-77?D(>5*-,@-58$67
[23] D/CC+DDABC+DD"+D9D#C+D<DCC+D
% D "!+ D LC$F D F! D  D C! D CB D & D D
 D CC$C+ D C$C D C D &CC. D &D
DCMDCD:CD-77?D6-(*-,@(?5$?
[24]  D/CC+ D DABC+ D D"+ D1 D3C!+ D < DCC+ D%D
"!+ D LA D  D  D CC$C D C$C D CCCD
&CC. D FC D  D  D C D CC D FC D D
C.DCFCDM+DCCCD-77>D(88*(,@-E($B
